In three experiments, the effects of irrelevant visual information on the time to initiate anti to complete a simple movement of the hand in response to a visual signal were studied in patients with a diagnosis of Parkinson's disease, and in age-matched normal controls. Subjects gazed at the centre of a TV monitor and were instructed to move their preferred hand from one metal plate to another as soon as a a blue disc appeared in the centre of the screen. This control condition was compared with other conditions in which the surrounding area of the screen was simultaneously rifled with fields of irrelevant discs, which in Experiment 1 were either stationary, or streamed out from or in towards the centre of the screen. Reaction times, but not movement times, were significantly slowed in the patients (but not the controls) by the irrelevant disc fields. When the irrelevant dots were continuously present (between as well as within trials--Experiment 2), they had no effect on RT. When they were present between trials, but turned off as the movement signal was turned on, RT was again slowed in patients. The results are discussed in relation to the akinesia ("freezing") experienced by some patients in confined spaces (such as doorways), and to possible abnormalities of visual cortical and striato-nigro-collicular activity. © 1997 Published by Elsevier Science Ltd
INTRODUCTION
One of the more disabling symptoms of Parkinson's disease (PD) is akinesia, a defect in the initiation of voluntary movement. At first sight, this appears to be a problem of the motor system, but several clinical observations suggest that it has a strong perceptual component. In patients attempting to walk, for example, external stimuli may have either an inhibitory or facilitatory effect on locomotion. On the one hand, akinesic patients often "freeze" in doorways and other confined spaces. On the other, a physical target, such as a piece of paper placed at the position of the first foot-fall, can often allow a "frozen" patient to start walking.
In this study, we attempt to bring the first of these effects under experimental control in the laboratory, with the aims of better understanding the putative dopaminergic mechanisms whose abnormality is producing it, and so of working towards therapeutic strategies to combat it. Several hypotheses can be suggested for why this freezing should occur: *Department of Psychology, University of Reading, Whiteknights, Reading RG6 6AL, U.K. ]-To whom all correspondence should be addressed [Fax: +44 (0)1189 316715; Email J.P.Harris@reading.ac.uk].
1. Patients are aware of their own motor difficulties, and this causes them to hesitate to avoid bumping into the sides of doorways. This hypothesis is not supported by the introspections of the patients with whom we have discussed it. 2. Visual space is distorted in PD, so that objects in the periphery appear closer than they really are or of a different shape and size. Sacks (1990) describes this possibility poetically: "all [the patient's] space-time judgements are pushed out of shape .... his entire co ordinate system is subject to expansions, contractions, torsions and warps...". Laboratory demonstrations of such putative effects are sparse, though Danta & Hilton (1975) have shown that some patients make systematic errors in their judgements of visual vertical and horizontal. 3. The edges of the doorway, or other c,bjects whose images fall in peripheral vision, somehow capture attention. The PD sufferer then cannot devote enough resources to controlling vohmtary movement and "freezes". A version of this idea has been put forward by Mestre, Blin, & Serratrice (1992) , who suggested that abnormal visual processing could interfere with motor initiation.
The present study had the broad aim of testing the hypothesis that irrelevant visual stimuli in the peripheral 3549 visual field in PD affect the time to initiate (and perhaps the time to complete) a movement. We chose as a task the movement of a hand from one position to another, in response to a visual signal in the centre of a computer monitor. Although this is a different task from that of starting to walk, both tasks involve initiation of complex movements of the limbs. In addition, we assumed that visual stimuli which share the important characteristics of those which induce akinesia would slow rather than necessarily prevent initiation of movements. It is already known that parkinsonian subjects typically have slower simple reaction times (SRT) than age-matched controls (e.g. Jahanshahi, Brown, & Marsden, 1992) , and this is usually interpreted as a deficit in motor programming. In the present experiments, the effects on SRT of adding irrelevant fields of dots to the area of the computer screen surrounding the visual signal were studied, in an attempt to mimic the putative effects of peripheral visual information on akinesia.
Two very general routes by which peripheral visual information could capture attention in PD can be suggested:
1. The effect could be confined to the retino-geniculostriate pathway. Contrast sensitivity is altered in peripheral vision of PD, but the direction of the effect may depend on the spatial frequency of the test patterns. Bodis-Wollner (1988) found losses of sensitivity for stationary gratings, when medium to high spatial frequencies are tested, and Harris, Calvert, & Phillipson (1992) report similar effects on the perception of supra-threshold contrasts. However, there are strong suggestions in BodisWollner's data that sensitivity may be enhanced in the illness for lower spatial frequencies. It is likely that an important (if not the sole) site at which these changes occur is the retina, since there is anatomical (Ngygen-Legros, Harnois, DiPaolo, & Simon, 1993) and physiological (Bodis-Wollner & Yahr, 1978; Stanzione, Pierelli, Peppe, Stefano, Rizzo, Morocutti, & Bernardi, 1989) evidence for retinal abnormality in the illness. One possibility, then, is that low spatial frequencies in peripheral vision are neurally enhanced in PD, and so more "attentiongrabbing". Mestre, Blin, & Serratrice (1992) measured contrast sensitivity in a non-parkinsonian patient who suffered from freezing episodes and found enhanced sensitivity to low spatio-temporal frequencies. A second possibility is that the normal balance between the magno-and parvocellular systems is disturbed in the illness, with the magnocellular system perhaps dominating the parvocellular. 2. The effect reflects abnormal interactions between the superior colliculus and the cortex. Following Schneider's (Schneider, 1967) report of two visual systems in the hamster, Trevarthen (1968) distinguished two kinds of vision in humans, focal vision (which we use, for example, in reading) and ambient vision (which, for example, monitors the surrounding environment for potentially noxious stimuli such as approaching objects). The formter system is thought to involve the cortex, and the latter the superior colliculus, since, for example, collicular lesions impair the responses (such as orienting and freezing) which animals make to looming stimuli (Dean & Redgrave, 1984) . One possibility, then, is that ambient vision abnormally dominates focal vision in PD, so that stimuli in peripheral vision which would produce no orienting or freezing responses in normal individuals do ,;o in sufferers from the illness.
These possibilities might be distinguished by varying the properties of the peripherally presented visual distractors. For example, collicular neurons appear to respond well to "looming" rather than "receding" stimuli. In the first experiment, we varied the presence and direction of motion of the irrelevant fields of dots, so that they were either absent (control condition), or stationary, or streamed out from the centre of the screen, or streamed in towards it. These manipulations, and the rationale for them, are described more fully in the next section.
EXPERIMENT 1

Apparatus
Subjects were seated approximately 75 cm away from a Sanyo colour monitor, whose screen was 31 cm wide x 25 cm high, corresponding to 7',3 x 19 deg of retinal angle. In front of them was an aa-ray of touchsensitive metal plates (touch-pads), of which two were used for the measurement of reaction and movement times. The left pad was a circle of radiu:~ 2 cm and the right pad was of radius 4 cm. The two pads were 10 cm apart. This apparatus was connected to an IBMcompatible 486 computer with a 66 mHz processor via an Amplicon I/O card. The colour monitor was driven by a SVGA graphics board with a frame rate', of 70 Hz. The touch pads were covered by a black wooden shield which was placed over them, hiding the pads and the subject's hand from view. The apparatus was housed in a quiet room, with black-out blinds. During testing, normal fluorescent overhead room lighting was used, giving a background luminance on the white wall behind the monitor of about 25 cd m -2.
Procedure
Subjects were asked to fixate on the; centre of the computer screen and to place the index finger of their dominant hand on the left touch pad, which initiated each trial. When the "GO" signal appeared, they were to lift their finger as quickly as possible and place it on to the right touch pad. Two seconds after the initiation of each trial by the subject, there was an auditory warning signal of 100msec duration, indicating that the stimulus presentation was shortly to commence. After a delay (see below) the screen turned green (luminance of 50 cd m -2) and a blue outline circle (diameter 0.75 deg, luminance 30 cd m -2) appeared in the its centre. Subjects were asked to fixate on this circle and, when it filled with blue (the "GO" signal), to move their finger from the left to the right pad as quickly as possible. Once they had done this, they returned their finger to the left pad to initiate another trial. Each trial lasted between 5 and 6 sec.
Both reaction time (time from onset of "GO" signal to release of finger from start touch pad) and movement time (time from release of finger from start touch pad to touch of final touch pad) were measured. Both reaction time and movement time were measured, since Zappia, Montesanti, Colao, & Quattrone (1994) claim that movement time is the more sensitive indicator of bradykinesia.
On each trial, one of four different types of stimulus field filled the entire screen, except for an annular region surrounding the blue circle, which was the of same green as the rest of the screen, and had a diameter of 3 deg:
1. A field of red discs, each 1.5 deg in diameter, luminance 17cdm -2. The discs in this field appeared to move from behind the green disc at the centre of the screen, and to move outwards towards the screen edges (expanding field). 2. A field of red discs (of the same size and luminance as above). The discs in this field appeared to move from behind the screen edges and to move towards the centre of the screen, disappearing behind the central green disc (contracting field). 3. A field of stationary red discs (again of the same size and luminance as above), which covered the entire screen except for the central green disc (stationary field). 4. A blank field (the screen area surrounding the "GO" signal remained unchanged).
For each of these different fields, the "GO" signal could appear at one of three different times, relative to the discs:
1. 225 msec before the discs; 2. at the same time as the discs; 3. 225 msec after the discs.
Within each condition (i.e. different surround and time of onset), subjects were given 10 trials. The experiment lasted about 25 rain.
The reasoning behind these experimental manipulations was as follows.
It was expected that the expanding field of discs would preferentially stimulate collicular mechanisms, since the images of approaching objects expand on the retina. The contracting field was intended to control for the possibility that movement per se (rather than expansion) might underlie any distracting effect. In turn, the stationary field was intended to control for the possibility that the sudden onset of the discs, or their presence on the screen, might be the important factor in any distraction. The blank field acted as a baseline condition against which to assess the effects of the irrelevant peripheral stimuli.
The peripheral distractors could appear either before, at the same time as, or after the "GO" signal. Conceivably, when the distractors appeared before the "GO" signal, they would act as an additional cue, and so reaction times should be decreased relative to when there were no distractors. Likewise, when the distractors appeared at the same time as the "GO" signal, they might act as a "super signal", and similar!ty decrease reaction times. The appearance of the distractors after the "GO" signal was intended to examine whether they might slow motor programming, and so movemenl: as well as reaction times.
Subjects
Two groups of subjects were used; a parkinsonian group [n = 12, m = 8, f= 4; age = 56.3 ± 6.34 yr (mean ± SD)] and a group of age-matched controls (n = 11, m = 5, f= 6; age = 61.27 ± 6.24 yr), with no history of neurological, ophthalmological, or psychiatric abnormality, and who were taking no medication at the time of the experiment. A t-test revealed no significant differences between the mean ages of the two groups [t= 1.88; P > 0.05]. Eleven parkinsonian subjects, and all the agematched controls were right-handed.
In this and subsequent experiments, the diagnosis of Parkinson's disease had been made by a neurologist. The mean duration of illness was 9.8 yr (SD = 5.9). All parkinsonian subjects were receiving L-dopa (mean daily dose 802 mg, SD 548). In addition, five were receiving dopamine agonists, 9 a monoamine oxidase b (MAO B) inhibitor, and one an anticholinergic. For this and subsequent experiments, the patients' symptoms were assessed before experimental testing, about 2 hr before the next regular therapeutic dose of L-dopa, when the patients were still in the "on" state. On the Hoehn & Yahr (1967) scale, from the assessments done at that time, two of the patients were in Stage 1, nine in Stage 2, and one in Stage 3. On the scale of Parkes (1982) , severity of symptoms, again assessed in the "on" state, ranged from 5 to 25 (mean = 12.5, SD 4.9). Testing began between 2 and 4 hr after the last dose of L-dopa. For many patients, motor symptoms were starting to become apparent during testing, and they all showed evidence on assessment of a mild/moderate akinesia, though they were not selected on that basis.
All subjects in this and subsequently reported experiments gave their informed consent to participate in the experiments. The studies were approved by the University of Reading Research Ethics Committee as well as the Ethics Committees of the Health Authorities of the districts in which the subjects resided. Subjects were not offered any financial incentive to take part, though they were offered their travelling expenses, if transport had not been provided for them.
Statistical analysis
A number of different statistical analyses were carried out using SAS ® for the Sun. In this and subsequently reported experiments, the anlyses were based on subjects' median data to avoid long reaction times or long movement times influencing the data excessively. In addition, reaction times over 1 sec were excluded, on the grounds that such reaction times probably reflected a momentary lapse of concentration. Although anticipations (movement initiation before the "GO" signal) were recorded by the computer program and the trial was rerun, short reaction times (less than 150 msec) were also excluded from analysis, on the grounds that their initiation must have begun before the "GO" signal also. Because there were so few anticipations, it was decided not to analyse anticipation data. Because reaction times are known to deviate significantly from normality, the data were log transformed before parametric analysis of variance. Unfortunately, it was discovered that, due to an error, the computer program did not detect anticipations in the condition where the field appeared before the "GO" signal. This resulted in some incorrectly measured reaction times, when in fact the subject had lifted his/ her finger before the "GO" signal. Therefore, it was decided that all the data from this condition should be omitted from the analyses.
Two repeated measures ANOVAs were run on reaction and movement times, respectively, comparing patients and controls. Each had two within-subject factors (type of field, with four levels---dots expanding, contracting, stationary or absent; and time of field onset, with two levels--at the same time as, or after the target) and one between-subject factor (patient or control). The ANOVAs were followed by tests for simple main effects, where necessary. Subsequent multiple comparisons between pairs of means were made using Bonferroni-corrected multiple dependent t-tests (Howell, 1997) , a method which guards against Type 2 errors by adjusting the required significance level as a function of the number of comparisons. Post hoc comparisons were made using the Duncan test (Howell, 1997) .
Results and discussion
Reaction times. Figure 1 shows the group means of median reaction times for Parkinsonian patients and agematched controls. It suggests that peripheral stimuli produce a more consistent increase in reaction times (RTs) of parkinsonian subjects than age-matched controis. Moreover, whilst the two groups show almost identical RTs in the blank field during this session (PD, 304msec; controls, 298msec), PD subjects showed slower RTs when blobs were present on the screen (365 msec as compared with 304 msec).
This result was confirmed in a three-way ANOVA with a significant field*group interaction [F(3,63)=2.86; P < 0.05]. A main effect of field type was also found [F(3,63) = 5.34; P < 0.005]. Post hoc tests revealed that only the field containing the stationary discs was significantly different from the blank field [t= 4.66, P < 0.0001, using Bonferroni-corrected multiple dependent t-tests]. No other effects were significant.
Tests of simple main effects were performed to interpret the field*group interaction. When each group was analysed separately, no effect of field was found for the control group [F(3,30)= 0.36; P > 0.05], whereas a significant effect of field was found for parkinsonian patients [F(3,33) = 6.63; P < 0.005]. When ANOVAs for each field were performed, no significant differences between the group were found. However, for all the fields in which there were discs, differences between groups approached significance levels [expanding field: 1. The parkinsonian group have slower reaction times when there is a potentially distracting field of discs surrounding the "GO" signal. 2. For movement time, there is no significant difference between the two groups and no effect of any of the independent variables.
In this experiment, PD patients were not significantly slower than age-matched controls on a simple reaction time task (as shown by the data from the blank field conditions). In contrast, the majority of studies has found PD subjects to be impaired in simple reaction time (e.g. Evarts, Teravainen, & Calne, 1981; Bloxham, Mindel, & Frith, 1984) . One explanation for this unusual finding is that the imperative signal is purely visual in the present task, whereas in many other tasks the "GO" signal has some linguistic content (i.e. the words "GO RIGHT"). Increased reaction times in such a task might reflect impaired linguistic processing. The present task requires no overt linguistic processing, and so might be considered a purer measure of motor organisation and behaviour.
Although PD patients were slowed by the irrelevant dot fields, there was no apparent differential effect of the the different types of field. Thus there is no evidence from this experiment that the expanding field has a greater effect than the other fields, as might be expected if it triggered collicular mechanisms. Since the stationary field has as large an inhibitory effect as the moving fields, it seems that motion per se contributes little to the slowing of reaction times found here. However, it is not clear exactly which attribute of the peripherally presented stimuli is responsible for the the longer reaction times in patients. One possibility was explored in a second experiment.
EXPERIMENT 2
Introduction
In Experiment 1, the computer screen was cleared of the distracting disc fields after each trial, and so on the next presentation the discs appeared on a previously blank screen. It was therefore unclear whether it was the presence of the discs on the screen or the transient change associated with their onset which elongated initiation times. The display was therefore modified so that the disc fields appeared at the beginning of a block of trials and remained on screen until all trials had been completed. If increases in reaction times were due to the presence of the discs, then an increase in reaction times should still be found.
Subjects
Two groups of subjects were used: a parkinsonian group, [n=10, m=8, f=2; age = 62,7 d: 9.96 yr (mean + SD)] and a group of age-matched normal controls, In = 10, m = 4, f = 6; age = 63.3 + 4.9 yr]. A ttest revealed no significant differences between the mean ages of the two groups [t = 0.18; P > 0.05]. All subjects were right-handed except for one control.
The mean duration of illness of the patients was 8.2 yr (SD 3.7). All parkinsonian subjects were receiving Ldopa (mean daily dose 500 mg, SD 269). In addition, seven were receiving dopamine agonists, eight a MAO B inhibitor, and two anticholinergics. On the Hoehn and Yahr scale, when assessed in the "on" state, one patient was in Stage 1, eight were in Stage 2, and one was in Stage 3. On the Parkes scale, ratings of symptom severity in the "on" state ranged from 8 to 25 (mean = 15.3, SD 6.4). All patients showed eveidence of a mild or moderate akinesia on assessment, except for one patient, whose akinesia was rated as severe. As in the previous experiment, testing was begun about 3 hr after the previous dose of L-dopa.
Apparatus and procedure
The apparatus and procedure were identical to those of Experiment 1, except that the periphery e f the screen remained unchanged throughout each block of trials, rather than cleating during the inter-stimulus interval. Two different peripheral displays were used:
1. A field of stationary red discs, which covered the entire screen except for the central green disc. This was identical to the stationary field of Experiment 1, except that it always remained on the screen. 2. A blank field (the screen area surrounding the "GO" signal remained a homogeneous green).
Subjects performed 30 trials on each type of peripheral field, of which the first five were treated as practice. The experiment lasted 15-20 min. All parkinsc,nian patients performed the task before and as near to their next scheduled therapeutic dose of medication as possible.
Statistical analysis
As in the previous experiment, two repeated measures parametric ANOVAs were carried out on the data, one on reaction times, and one on movement times. As before, median data were entered into the ANOVAs, after the removal of outliers and log transformation. The significance of simple main effects was computed and multiple comparisons made with Bonferroni-corrected ttests where necessary.
Results and discussion
Figures 3 and 4 show median reaction times and movement times for the two groups. They clearly show that, in this paradigm, no slowing of reaction times or movement times in either group of subjects was produced by the potentially distracting peripheral stimuli. This was confirmed by the ANOVAs, which showed no significant effects of group The main result of this experiment is that neither the PD patients nor the controls are affected by the peripheral field of discs when they remain on the screen permanently. This suggests that the reason the PD group were slowed by the discs field in Experiment 1 was not because of the presence of the discs in peripheral vision per se, but rather because of their transient onset. If the slowing in Experiment 1 was produced by the transient nature of the onset, then it might also be produced by a transient offset, a possibility investigated in Experiment 3.
EXPERIMENT 3
Introduction Experiment 1 showed that parkinsonian patients take longer to initiate a hand movement when peripheral visual distractors appear suddenly on the screen, at about the same time as each visual "GO" signal. Experiment 2 showed that, when the peripheral stinqtuli remained constantly on the screen, there was no impairment in parkinsonian manual reaction time. This experiment investigates further the idea that it is a transient visual change in peripheral vision which affects the PD group. If so, then the disappearance at times close to the "GO" signal of otherwise continuously visible dot fields should also elongate reaction times in the PD group. The discs in this experiment were stationary, since no difference was found in Experiment 1 between the effects of the different types of distracting fields (expanding, contracting, or stationary).
Subjects
As before, two groups of subjects were used, a group of parkinsonian sufferers [n = 10, m= 7, f= 3; age = 61.3 + 9.1 yr (mean 4-SD)], and a group of age-matched controls [n = 10, m = 5, f = 5; age = 62.4 -4-5.19 yr]. A t-test revealed that the two groups did not differ significantly in age (t=0.5, P > 0.05). All subjects except one were right-handed.
The mean duration of illness was 8.2 yr (SD = 3.7). All parkinsonian subjects were receiving L-dopa (mean daily dose 480 mg, SD 276). In addition, seven were receiving dopamine agonists, two anticholinergics, and seven a MAt B inhibitor. On the Hoehn and Yahr scale, as assessed in the "on" state, two patients were in Stage 1, seven were in Stage 2, and one was in Stage 3. On the Parkes scale, estimates of symptom severity in the "on" state ranged from 4 to 25 (mean = 12.5; SD 5.8). As for previous experiments, all patients showed evidence of a mild/moderate akinesia on assessment, and testing began about 3 hr after the previous dose of L-dopa.
Apparatus and procedure
The apparatus and procedure was identical to that in Experiment 1 with the following exceptions. After a delay of about 150 msec from the auditory signal that a trial was about to begin, the screen turned green. In one condition, a field of stationary red discs on the green background around the periphery of the screen appeared (identical to the stationary field in Experiments 1 and 2). In the other, the screen remained homogeneous green. After another delay (of about 200 ms), a blue outline circle appeared in the centre of the screen. The "GO" signal for subjects to move their finger as quickly as possible off the left pad and place it onto the right pad was the filling in to a blue disc of the outline circle. The potential distraction in this experiment was the offset of the red discs, which disappeared either simultaneously with the filling in of the blue circle or 305 msec after it. All subjects performed this task 13 times in each condition, of which the first three trials were treated as practice. The complete experiment lasted about 15 min and parkinsonian subjects were tested just before a normal therapeutic dose of medication. 
Statistical analysis
As in the previous experiment, two repeated measures parametric ANOVAs were carried out on median data, one on reaction times, and one on movement times, after the removal of outliers and log transformation. Data for the conditions in which there were no distractors were combined to form one measure ("no discs") fbr analysis (since the two stimulus onset asynchrony conditions looked identical to the subject). The significance of simple main effects was computed where necessary, followed by multiple comparisons. Figure 5 shows the mean reaction times for the two groups. This figure clearly shows that the PD group have longer reaction times when the discs disappear with the onset of the "GO" signal. However, when the discs disappear after the "GO" signal, the PD group have reaction times similar to those when there are no discs on the screen. The figure also suggests that the age-matched control group have longer reaction times when the blobs disappear after the "GO" signal. These results were confirmed in the analysis.
Results and discussion
The ANOVA revealed a significant main effect of condition: presence and offset time of the discs--[F(2,36) = 6.50, P < 0.005] and a significant: interaction between condition and group: patients vs controls--[F(2,36) = 8.56, P < 0.001]. From Bonferroni-corrected t-tests, both condition 1 (discs disappear after "GO" signal) and condition 2 (discs disappear with onset of "GO" signal) had significantly slower reaction times than condition 3 (no discs): t = 2.85, P < 0.016) and t = 2.86, P < 0.01, respectively. Reaction times in conditions 1 and 2, however, were not significantly different from each other (t = 0.3, P > 0.05).
Further post hoc tests revealed that for the control group condition 1 differed significantly from condition 2 (t = 3.19, P < 0.05) and condition 1 differed significantly from condition 3 (t = 3.60, P < 0.01) but conditions 2 and 3 did not differ significantly [t = 0.95, P > 0.05]. For the PD group, the only significant difference was between conditions 2 and 3 (t = -2.92, P < 0.01). Condition 1 did not differ significantly from condition 2 (t=-2.92, P > 0.016) and condition 1 did not differ significantly from condition 3 (t=0.78, P> 0.016) (using Bonferroni's criterion). Importantly, when looking at the effect of the illness on the three conditions, there was no difference between groups on condition 1 [F(1,18)=0.03, P > 0.05] or condition 3 [F(1,18)= 2.60, P>0.05]. However, there was a significant difference between groups on condition 2 [F(1,18)= 0.41, P < 0.005]. Figure 6 shows movement times for the two groups of subjects. Although there appears to be a trend for the PD group to be slower than the control group, this was not confirmed in the ANOVA, in which no significant effects of group or condition were found.
The main finding of this experiment is that parkinsonian patients are impaired in initiating manual responses when peripheral disc fields disappear as the "GO" signal appears, compared both with controls and with their own performance in the other conditions. Addittionally, agematched controls are impaired when the discs disappear after the "GO" signal appears. Movement times are unaffected for both groups.
Taken together with the findings of Experiment 1, the present data suggest that when the irrelevant peripheral dot fields undergo some visual transient change (whether of onset or offset), the PD group is affected, and their reaction times are slowed. However, it should be noted that when the blobs disappear after the "GO" signal (in contrast to when they appear--see Experiment 1) the PD group are unaffected. In addition, the COnLtrO1 group are affected by the blobs disappearing after the "GO" signal.
No obvious explanation for this particular pattern of results has occurred to us.
This experiment replicated the finding of Experiment 1 that, when there is a non-linguistic visual imperative signal, parkinsonians have unimpaired simple reaction times relative to age-matched controls.
GENERAL DISCUSSION
This set of experiments has produced what may be a clinically important finding, that transient changes in the periphery of the visual field (but including the parafovea) can increase the manual reaction times of Parkinsonian patients. In some conditions, and to some extent, agematched controls may also be affected by such changes (Experiment 3). This is consistent with the idea that Parkinson's disease results from an exaggeration of the processes underlying normal aging. In the following sections we consider possible limitations of the study, and what abnormalities might underlie the effects.
Since we did not make recordings of eye position, it could be argued that our PD subjects were not fixating the regions at which the target was to appear, so that the distractors were not, in fact, falling in peripheral vision. However, this idea is not supported by our finding that, in the absence of distractors, the patients' responses were not significantly slower than those of the controls, suggesting that they were indeed fixating the target in those conditions. Sharpe (1990) studied the performance of PD subjects on a rather different visual task, namely the immediate recall of letter sequences which were serially presented with and without distractor letters. She found that PD subjects were more prone to interference from the distractors than were the controls. Sharpe suggested that this may be due to reduced levels of DA in mesolimbic and mesocortical projections, though she was not specific about the details of the underlying mechanisms.
The original idea behind the present studies was that peripheral vision may be involved in akinesia paradoxica (freezing in front of doorways) in PD, such that irrelevant visual stimuli seen by the periphery may somehow grab attention. It was assumed that such effects would apply equally to the movements involved in walking, and to the simple manual task used here. Two general ways in which this might occur were outlined. The first possibility was that of an abnormality in the retino-geniculo-striate pathway. There is a suggestion in the data of BodisWollner (1988) that PD subjects have enhanced contrast sensitivity at low spatial frequencies. The discs making up the irrelevant fields in the present studies each subtended 0.75 deg of retinal angle. It is possible, then that the neurally signalled contrast of their lower spatial frequency components was higher in the patients than controls, and so more likely to win any competition for attention. In view of the finding of Experiment 3 (that the offset as well as the onset of irrelevant dot fields could elongate RTs), it might be suggested that: there is an imbalance between the transient and the sustained visual subsystems, such that the transient system is abnormally dominant in Parkinson's disease. However, this suggestion is not supported either by the evidence that retinogeniculo-striate (probably retinal) latency is elongated in the illness (Bodis-Wollner & Yahr, 1978; Stanzione, Pierelli, Peppe, Stefano, Rizzo, Morocutt:i, & Bemardi, 1989) or that motion sensitivity seems especially affected in the illness (Mestre, Blin, Serratrice, & Pailhous, 1990; Haug, Trenkwalder, Arden, Oertel, & Paulus, 1994) . If there is indeed a subsystem abnormality of this kind in PD, it seems likely to be mediated by structures more central than V1.
The visual system can be conceived of as two or three major processing subsystems. The pathway from the primary visual cortex to the temporal lobe is believed to be involved in object recognition. That from the primary visual area to the parietal lobe is involved in spatial perception and visuomotor performance and is implicated in spatial attention. The pathway from the primary visual area to the superior temporal sulcus is believed to be important in the perception of complex visual motion and/or the integration of spatial and object vision. Neurons along these pathways have increasingly large receptive fields. For example, in area V4 of the occipitotemporal cortex, the receptive field size is between 1 and 5 deg of visual angle (Desimone & Schein, 1987) , whereas the receptive fields of the inferior temporal cortex (IT) may cover 25 deg of visual angle. Moran & Desimone (1985) showed that a neuron's response in either V4 or IT is gated by the locus of attention within the receptive field, and concluded that the filtering out of unwanted information was a two-stage process operating over a small spatial range in V4 and a larger range in IT. This idea is supported by neurophysiological evidence that, as attention is increased to an already attended stimulus, so the processing of that stimulus within the occipitotemporal pathway is enhanced (Spitzer, Desimone, & Moran, 1988) . It is possible that this spatial selectivity within large receptive fields in IT is reduced in PD, so that irrelevant stimuli in peripheral vision activate IT neurons at well as foveated, nominally attended stimuli. Dopamine has been found in parietal lobes of primates (Berger, Gaspar, & Verney, 1991) , and it seems reasonable that parietal abnormality plays a part in some of the deficits observed in PD. However, damage to the posterior parietal lobe from other types of lesion produces problems in disengaging covert attention from the current fixation point to attend to a stimulus on the contralateral side (Posner, Walker, Friedrich, & Rafal, 1984) . Positron emission tomography (PET) studies (e.g. Corbetta, Miezin, Shulman, & Petersen, 1993) have shown that the superior parietal lobe is activated when attention is shifted across various spatial locations, especially if these locations are in the: periphery of vision. It appears then that parietal damage is likely to result in attention which is abnormally focused on the foveated location in space, an effect apparently inconsistent with the pattem of results found here.
Another way to view the present data is as a reflection of abnormal interactions between the substantia ifigra, the striatum, and the superior colliculi (SC). The SC can be thought of as a structure which mediates appropriate motor behaviour towards novel visual stimuli (see Dean, Redgrave, & Westby, 1989 for review). In humans, the appropriate combination of stimulus and context may induce orienting or defensive responses, and these may be mediated by the colliculus, just as electrical stimulation studies have shown them to be in animals (Dean, Redgrave, & Westby, 1989) , Thus, the "freezing" of akinesia paradoxica, and the slowing of manual RT in the present study, may result from defensive or orienting responses to irrelevant peripheral stimuli. How might the SC might be involved in such behaviour?
One apparent role of the striatum is to gate the activity of several anatomically related structures (see Chevalier & Deniau, 1990 for review). GABAergic efferent neurons from the striatum inhibit neurons in the substantia nigra (SNr). In turn, a GABAergic projection from the substantia nigra provides inhibitory input to the SC. Thus, an increase in the activity of striatal neurons is correlated with a reduction of SNr activity and and increase in SC activity. Chevalier and Deniau suggest that basal ganglia output acts as a "movement template" to specify which motor elements are to be used in relevant behaviour.
It seems likely that this circuitry would be abnormal in PD, given the evidence for striatal abnormality in the illness. It is also likely that the abnormality would lead to reduced collicular activity, if relevant striatal activity is reduced in PD. How might this putative collicular impairment be reflected in patients' behaviour? One possibility is that there is a reduction in the signal/noise ratio of relevant neural messages, giving a loss of precision in the spatial and temporal specification of orienting responses. In other words, PD sufferers would find it harder to ignore the irrelevant peripheral visual information in our experiments, and that produced by objects in peripheral vision in akinesia paradoxica.
Although our accounts of the phenomena are speculative at present, they seem open to investigation with extensions of the techniques used here. For example, "looming" of single stimuli or textures might: be more effective stimuli for the colliculus than any of the fields of discs tested here. It would also be interesting to ask whether analogous effects can be found in other sensory modalities or, indeed, between modalities. Such experiments would bear on hypotheses about underlying mechanisms. However, whatever the origin of the effects, they strongly suggest the involvement of peripheral vision in the motor problems of Parkinson's disease.
